Abstract: Assistive and telecare technologies have been developed to support older adults with cognitive impairments, as well as their caregivers, from their homes. The way potential users perceive telecare and smart home systems plays a key role in their acceptance of this new technology. We evaluate the acceptance of home telecare technologies among patients suffering from cognitive impairment and their caregivers. Prototypes of telecare devices were developed to demonstrate their features and capabilities and to train patients, families, and health care professionals in their use. We conducted semistructured interviews to elicit the perceptions of 30 patients with mild cognitive impairment, 32 patients with Alzheimer's disease, and 30 caregivers, regarding the risks and advantages of home telecare and smart houses. Survey results reflected participants' largely positive reactions to these technologies. Regarding home telecare, the cognitive stimulation program earned the highest proportion of positive responses, followed by the devices' care of emergencies. The participants generally agreed that home telecare and smart houses could significantly improve their quality of life. However, some technical and ethical concerns, such as the way of provision, installation, and monitoring of the systems, were reported to be in need of addressing before implementation of this system.
Introduction
As the number of patients suffering from Alzheimer's disease (AD) increases, there is a growing need for technology that will allow them to live independently in their own homes for as long as possible. With survival rates varying from 1 to 16 years after diagnosis and with increasingly incapacitating deficits, many patients require long-term care. 1 The majority of persons with AD are cared for at home by a family member, usually a spouse or daughter. 2 The demanding task of caring for the elderly, especially those suffering from cognitive impairments, cannot be solved solely by conventional methods; more cost-effective technical solutions must be considered. 3, 4 Home telecare is a rapidly expanding field that involves the application of telecommunications and computer technologies to the provision of effective at-home health care. 5 To provide new knowledge of how home telecare technology can be designed and customized to meet the needs of users with mild cognitive impairment (MCI) or AD, as well as their caregivers, we propose a user-friendly approach that integrates human, medical, psychological, ethical, and social issues. This multidisciplinary approach will help enhance the quality of life for both caregivers and patients, as well as relieve some of the escalating burden on the social and health services. The telemonitoring submit your manuscript | www.dovepress.com
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Mehrabian et al system we have developed makes use of Internet technology, broadband communication, smart house technology, and a free in-home software module. The services provided by the telecare system are devoted to lifestyle monitoring and aim to improve patient well-being through enhancing the patient's safety and security; providing a cognitive prosthesis to the patient through medications, tasks, and appointments; training cognitive functions; monitoring health with teleconsultation between patients and health care professionals; and enhancing valuable social links. The home telecare system is easy to use and displays interfaces tailored to the needs and preferences of cognitively impaired persons. The system is composed of multiple access points connected via Internet to a server that provides services and stores related data (access point characteristics, medical files, and so on). The design of access points and servers reflects a high regard for security and confidentiality.
Home telecare is a relatively new field, and it takes time for technological innovations to be widely adopted in health care. The successful introduction of health technology requires an in-depth understanding of how the proposed innovation is perceived by the users. This is a promising method of improving quality of life, but for it to have an effect, patients and caregivers must accept it and be willing to use the equipment in their own home. It is important to examine the readiness of a cognitively impaired population to use various technologies for telecare.
Little has been published about perceived needs in this area. 6 To help provide more data in this important area, we conducted semistructured interviews to elicit patients' and caregivers' opinions on the telecare system at home. This article presents results from these interviews regarding the acceptance of home telecare technologies among both patients suffering from cognitive impairment and their caregivers, as well as their willingness to adopt to such a telecare system in their homes.
Population
Potential respondents were recruited from a geriatric outpatient research unit at the Hôpital Broca in Paris, France, and included three groups: patients with AD, patients with MCI, and family caregivers.
Patients' cognitive status was evaluated by the Folstein Mini-Mental State Examination (MMSE) and a battery of neuropsychological screening tests designed to assess immediate and delayed memory, language, and visuoperceptual and visuospatial capacities, as well as problem-solving skills. 7 The tests used were subtests and modified short forms of widely used neuropsychological measures. The neurocognitive battery was conducted by a qualified neuropsychologist. The patients also underwent a complete physical and neurological examination, including laboratory tests as well as computed tomography of the brain or magnetic resonance imaging. Patients older than 50 years were included in the study only after consensus had been reached as to their classification into one of the following diagnostic categories: the AD group (32 patients who met Diagnostic and Statistical Manual of Mental Disorders, 4th Edition, 8 criteria for Dementia of the Alzheimer's Type and National Institute of Neurological and Communicative Disorders and Stroke and Alzheimer's disease and Related Disorders Association 9 criteria for probable AD; those patients with severe cognitive impairment, for instance, language deficit, were not included in the study 8, 9 ) and the MCI group (criteria used for the selection of the MCI patients were those proposed by the European Consortium on Alzheimer's disease 10 ). Exclusion criteria for patient's group were serious intercurrent illness, psychiatric disorders, or presence of neuropsychiatric symptoms.
In addition, 30 patients' family caregivers who were older than 50 years were recruited (spouses, adult children, other relatives). Exclusion criteria for caregivers were serious intercurrent illness or psychiatric disorders. Table 1 shows the profile of the participants.
Methods
We conducted a series of semistructured interviews to assess participants' perceptions of the usefulness of different functionalities of the telecare system. Items evaluated included perceived advantages and disadvantages of the telecare system and the degree of willingness to adopt such technology in their homes. We opted to perform interviews rather than focus groups because AD patients tend to be more at ease and express themselves more freely when they are alone, rather than among other patients. The interviews conducted consisted of two parts. First, we described the objectives and characteristics of the telecare system functionalities to the participants, using easily understandable concepts to take into account their cognitive deficits. Because people with cognitive impairments are prone to misunderstandings, they were encouraged to ask questions about the system and to rephrase the explanations using their own words to ensure they had understood them.
We explained that the end-user would have access to the telecare system services (detecting some emergencies, providing cognitive stimulation exercises, enabling teleconsultation with professionals and videoconferencing with family and friends, and providing medicines and tasks reminders) through an easy-to-use computer that encompasses a touch screen as well as some sensors (front door, fire and water, fall sensors) at home. For each service, an interface was displayed on the computer (Figures 1-4 ) to help participants understand the purpose and the functionality of the system.
Once the system characteristics had been explained to the participants, they were asked to answer a questionnaire and were encouraged to supply comments regarding each question. We developed a 14-item survey instrument in which most of the questions required a "yes" or "no" answer ( Table 2) . A questionnaire with nominal data was considered, as a some of the participants were patients with cognitive impairment.
To ensure the instrument's validity, the questions were first tested for readability, using people similar to the target populations, by a team member. In addition, during the present study, we asked the patients to rephrase each question in their own words to ensure comprehension of the questions.
The interviews were conducted by two members of the research team (a psychiatrist and a psychologist). One explained the functionality of the telecare system and then asked the prepared questions while encouraging comments. The other observed the participants' reactions while completing the questionnaire and recording the participants' comments. The participants were asked about their thoughts and opinions about the telecare system and its different components (sensors, medication and task reminders, online cognitive stimulation program, videoconference services).
Hello Andrew
Things to do today
Your security Notes: Users may click either on the right side of the screen, where security, cognitive stimulation exercises, and contacts are located, or on the left side of the screen to see their agenda for the day. This area includes an electronic agenda, which is useful for effective planning and time management. caregivers can easily use this feature as a way to structure the activities of patients by arranging reminders and a schedule that patients can consult throughout the day. if a call is received, an icon that is present on the left side of all available screens flashes. To accept the call, the user simply presses the icon and speaks into the device. 
Notes:
The sensors, which include fall detectors, fire and water sensors, and front door sensors, are designed to detect emergencies and trigger automated calls for assistance. The security features of the system are customizable, in that the user has the capability of choosing which ones to employ. 
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The main interview questions to the participants were focused on their perception of its usefulness for themselves in their daily life, their readiness to have it at home and to use it, and the potential disadvantages they could forecast (difficulty to use, high cost). Each interview lasted approximately 40 minutes and consisted of a 20 minute explanation and a 20 minute questionnaire and discussion section. Please click on this button
Please click on the photo and talk when the color is green Figure 4 This screen displays photos of contacts. Notes: some of the contacts might be general practitioners, nurses, and family members. To call a contact, the user simply clicks on his/her photo and speaks. This feature could be used for teleconsultations with health care professionals or videoconferences with family and friends. The study was submitted to and approved by the local ethics committee. The patients and families gave their informed consent to participation in study.
Analysis
Quantitative data (such as age and MMSE scores) are reported as mean ± standard deviation. Chi-square tests and paired t-tests were used when applicable to determine the statistical significance of qualitative variables; a probability value of 0.05 was considered statistically significant. In addition, material collected in the questionnaire was reported, measured in percentage of "yes" answers to the survey questions, and was analyzed by the use of Chi-square tests and summarized.
Qualitative material was also collected. Interviews were audiotaped and then transcribed. Then the analysis of the transcripts and the field notes were performed according to the inductive thematic analysis. 11 After familiarizing themselves with the data and generating initial codes for data, a number of common emerging themes and issues were identified from the ideas expressed by the participants during the interviews.
Results
We evaluated the acceptance of home telecare technologies among patients suffering from cognitive impairment and their caregivers. This study provides some evidence that 
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Perception of a home telecare system patients and caregivers are receptive to the introduction of new telecare technologies. They appeared ready to accept its widespread use.
Quantitative results
Descriptive statistics and demographic characteristics are presented in Table 1 . There were no significant differences between the caregivers related to sex composition (χ 2 =2.2; P=0.13) or the relationship between the caregiver and the care recipient (eg, spouse versus offspring; χ 2 =9.3; P=0.07). There are no significant differences in education among groups. However, significant differences in age were found between caregivers and patients with MCI (t=5.10; P=0.00) and between caregivers and patients with AD (t=4.92; P=0.00). Our target participant groups were not different in their mean age (t=1.16; P=0. 26) .
The difference in MMSE scores between MCI and AD patients was significant (t=8.39; P=0.00). The average MMSE of AD patients was 23.0±2.0. All the AD patients scored within the mild dementia range, using neurocognitive battery and educational level. This was important because for patients to fully participate in the evaluations, it was crucial that they be able to effectively communicate. It has been confirmed that this is possible in the early phase of dementia. 12, 13 There was no significant difference in the three groups of participants regarding the responses to the questions. We show the responses of caregivers in comparison with both AD and MCI patients in Table 2 .
There were no sex differences in perceptions of the system among the groups. No significant difference was found in the responses of women/men (20/10) to all the questions in the caregiver's group. The same was observed in the answers of women/men (45/17) to all the questions in the patients group (AD + MCI).
We did not find any significant difference in the answers of spouses/offspring (21/9) to all the questions in the caregiver's group.
Qualitative results
The telecare services (emergency detection, medicines and tasks reminders, cognitive stimulation, teleconsultation with professionals, and videoconference) were perceived as useful overall by both patients and families. Interestingly, although most patients reported that the system would be useful in emergency cases, they did not express as consistently that they would feel safe if left alone at home with the machine. Some replied that because they did not live close to their family members, the telecare system would make them feel more secure. A patient with MCI said he would be interested in implementing the telecare system in his home because he once had to wait more than 6 hours to be rescued after falling and not being able to get up. However, many patients expressed their preference for the presence of another person, be that a spouse, family member, or professional, rather than a machine if they were in an emergency situation in their home. Although most patients found the videoconference with professionals and family a useful service, many of them stated that they preferred to continue using the telephone because they were more familiar with it and had no reason to be dissatisfied with it.
Some patients expressed concerns about the complexity of the telecare system devices and their inability to use them. Several made statements to the effect of, "It would be difficult for me to remember how to use the telecare system. I would be stressed and anxious with the machine". Many patients also considered the telecare system services useful for elderly people with a greater level of cognitive deficits than themselves: "The telecare system would be useful for me if I had more deficits. But so far, I can manage by myself at home". Thus, these patients did not show readiness to adopt the telecare system, as they did not perceive any need for help in their daily activities. Other patients expressed concerns about privacy violations resulting from the use of the video surveillance system for fall detection. Those concerned about their privacy were more in favor of a fall detection sensor worn at the belt. Another common concern was the potential cost. "I will not be able to afford this machine", stated a patient.
As far as emergency detection was concerned, caregivers generally thought more highly of the system and thought this technology had more potential to improve their lives than the patients did. They stated that they would be reassured if they were called in case of emergency in the patient's home. "If something goes wrong with my father, this system can inform me immediately and I can deal with the problem at once". A spouse said she would have more freedom to go out and do some shopping or see her friends if she knew the telecare system would monitor her husband while she was away.
Caregivers also expressed positive feelings about the overall system: "If we had such a machine, I would take better care of my mother, who lives far from me". "The system will be useful because it will improve my quality of life". "This system could look after the patient during the day and night and could let the patient stay at home as long as possible". 
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Although caregivers agreed that telecare systems have the potential to be quite useful and think they are very likely to be available in the future, they also expressed some negative opinions. A number of caregivers, most often spouses, denied the need for help in caring for the patient. "We do not need such a system now. I still can manage my husband's difficulties on my own. However, we might need it when the disease is progressed in my husband". Similar to the patents, one of the most frequently cited impediments by the caregiver was the telecare system's costs. Other concerns included the system's flexibility under the patient's command and the frustration of dealing with a machine instead of a human being: "I think that my mother would not choose this system because she would be anxious about being controlled by a machine".
Discussion
The successful introduction of health technology requires an in-depth understanding of how the proposed innovation is perceived by the users. The development of home telecare systems has already been shown to be useful in the elderly population, yet few authors have assessed their advantages in MCI and AD patients and in caregivers. 3, 14 The aim of the study was to evaluate the acceptance of home telecare technologies among patients suffering from cognitive impairment, as well as their caregivers. The results showed some evidence that patients and caregivers are receptive to the introduction of new telecare technologies. They appeared ready to accept its widespread use. Our results did not demonstrate significant differences in perception between patients and their caregivers with regard to telecare encounters across all the domains addressed.
The notion of a "smart home" was first introduced in the early 1980s, when the "intelligent building" concept gained popularity. This approach was conceived to use the intelligent implementation of consumer electronic devices, electrical equipment, and security devices in the automation of domestic tasks, easy communication, and safety with userfriendly controls. In its earlier development stages, the idea was oriented toward building a smart home environment for nondisabled persons for the simple purpose of enhancing home comfort. 15, 16 Recently, the same technology has become a bright prospect for people with special needs. Furthermore, there is a growing optimism that the quality of life of these people can be significantly improved by means of various modern technologies and, in particular, by intelligent houses. 17, 18 As a manifestation of this outlook, a new term, gerontechnology, was introduced by Graafmans to refer to a composite of gerontology and technology. 19 Smart houses will have a strong, positive, and emotional effect on persons with physical and mental disabilities and older persons, enabling them to improve their quality of life, giving them privacy, and enabling them to experience the comfort of living in an ordinary house, as opposed to a hospital or nursing home. 20 After a review of literature data on home telecare for elderly patients, Botsis and Hartvigsen 3 surmised that home telecare had the potential to increase an elderly patient's independence and quality of life, as well as save costs for the authorities. 3 Its possible applicability in cases of dementia and AD was evaluated. However, it was determined that there were no significant benefits of home telecare compared with traditional methods. The difficulties experienced by cognitively impaired elderly patients in learning how to use the necessary equipment seemed to be the principal deficiency of the system. However, further investigation is needed to draw any definite conclusions.
It was shown that home safety is a significant problem for caregivers of patients with AD and other dementias. 21 Our results revealed that most of the patients and caregivers did not perceive the system to be safe enough for the patient to be left alone at home for long periods. The wife of one patient indicated that this system would not make her husband feel secure. Another comment indicated that memory problems would hinder appropriate use of the telecare system in an urgent situation. Stress also has the potential to obstruct the use of this technology. This impediment was both exhibited by the participants and mentioned as a concern. Minor problems encountered while using new systems tended to result in feelings of stress and loss of control.
A systematic review of the benefits of home telecare for the vulnerable elderly population indicated there is insufficient evidence of the effects of home safety and security alert systems. This is largely because the bulk of related studies focused on people suffering from diabetes or heart failure. However, there is significantly less evidence about the possible benefits of telecare for people suffering from conditions such as asthma, dementia, or depression. 22 In our survey, the caregivers were most likely to be accepting of health technologies that assist in case of emergencies. They also generally approved of those technologies that enabled cognitive stimulation and reminded patients to take medications, as well as those that allowed patients to receive medical consultation by Internet. Overall, the majority of respondents agreed that they would be receptive to the use of telecare technologies related to a wide variety of situations. 
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Patients also perceived the potential advantages of home telecare, especially those related to improvement in day-today living ( Figure 5 ).
The chief concern of patients was the cost of telecare systems. Unfortunately, very few countries have comprehensive reimbursement policies for home telecare services. Another apparent limitation of these technologies is related to the small percentage of patients who have Internet access in their homes.
Loh et al conducted a study involving 20 patients suffering from dementia that revealed moderate differences between face-to-face health conferences and those conducted via videoconference. 23 Poon et al conducted a study with 22 patients with dementia and other cognitive impairments. 24 They demonstrated that telemedicine is a feasible, effective, and acceptable method of providing cognitive assessment and intervention. Another study relating to videoconferencing and clinical information systems in 140 patients with dementia found user acceptance to be satisfactory and there to be no significant differences from the traditional assessment methods. 25 Engström et al showed that the perception of patient family members (22 persons) of using individualized passage alarms, motion sensors, fall detectors, and Internet communication were generally positive. 26 Another study on using devices with wearable reminders and alarms in 38 cognitively impaired patients and caregivers found no change in quality-of-life measures but high user satisfaction, as well as a reduction in the cost of services. 27 An important issue related to the use of telecare technology is whether there should be a special legal framework for long-distance health care. The characteristics of home telecare should be made clear so that users have a thorough understanding of the limitations as well as the capabilities involved in this technology. It is also crucial to maintain an active and open relationship with the possible ethical problems that such systems imply. Moreover, it is necessary to develop specific guidelines for the delivery of these services to the cognitively impaired elderly population. These issues should be the focus of future research efforts. 3 Further investigation also is recommended, using larger sample sizes across a range of telecare contexts. Such research is necessary to enhance the understanding of barriers to telecare implementation and to help identify which telecare initiatives are most likely to be successful if made available on a large scale. Data related to the cost-effectiveness of technological interventions are also needed. Other possible topics of future research include the effects of technology on other outcomes, such as caregiver burden. It would also be practical to consider the costs and benefits of technology relative to current practices. A number of issues concerning privacy, safety, and quality control are also worthy of further consideration.
28
Some limitations of the study should be acknowledged. Participants gave their opinions about the functionalities of the telecare system at the research unit, but they did not actually test these functionalities in conditions similar to those at their own homes. For instance, in a real-life situation, participants might not have felt comfortable leaving the patient at home alone with the system. In addition, although the participants confirmed they understood the explanations 
Mehrabian et al about the telecare services depicted through interfaces displayed on a computer with a touch screen, one cannot exclude that another design of the interfaces might have been more effective for the patients and caregivers. In addition, the interpretation of results is limited because of the small number of participants. However, despite these limitations, the study demonstrated that potential users had a positive attitude toward home telecare technologies. They agreed that home telecare and smart houses could improve their quality of life and communication for patients and caregivers. Regarding home telecare, the cognitive stimulation program earned the highest proportion of positive responses, followed by the care of emergencies. There were no significant sex and age (spouse/offspring) or patient/caregiver differences in the acceptance of telecare system. We are currently developing a prototype of this system and assessed some components, including an appropriate interface tailored to patients and caregivers; communication between patients, caregivers, and professionals via Web camera; computerized cognitive stimulation for patients; and educational programs for caregivers.
Consent
The study presented has been approved by the local ethics committee. The patients and families gave their informed consent before participating in this study.
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